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1 ' 2 Accumulated physiologic data suggest that hypoxia elicits vasoconstriction in either pre-or postcapillary vessels. 2 ' 3 Anatomic studies have been inconclusive with reference to exact vasoconstrictor sites. It has been shown that chronic hypoxia leads to increased pulmonary arterial muscle mass but studies to date have failed to determine whether these arterial changes are the cause or the consequence of the pulmonary arterial hypertension 1 which accompanies hypoxia. 1 ' 4~8 The present study attempts to differentiate the effects of chronic hypoxia from the effects of hypertension in pulmonary vessels by experiments in which one lung is chronically hypoventilated. The experimental conditions chosen were such that pulmonary arterial pressure would be expected to be equal in the two lungs.
Methods

DOGS AND CALVES
One main stem bronchus was ligated with #1 silk in each of 12 adult, mongrel dogs weighing 14 to 16 kg. They had been anesthetized by pentobarbital sodium (30 mg/kg iv). The bronchus was not divided. A similar procedure was undertaken on three calves, each four to six weeks old and weighing 39 to 44 kg. In these animals anesthesia was open drop ether followed by 0.8% halothane. The dogs were sacrificed at intervals over an eight-month period and the calves over a period of six and one-fourth months.
At autopsy, the ligated bronchi were found tightly closed in six of the dogs and the associated lungs were atelectatic. In the remainFrom the Department of Pathology, University of Vermont, College of Medicine, Burlington, Vermont.
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Accepted for publication February 15, 1965. ing six dogs the lumina of the ligated bronchi had reopened spontaneously around the sutured sites permitting re-expansion of the associated lungs. The bronchi were markedly stenotic at these reopened sites, none of the apertures exceeding 3 mm in diameter. Although these narrow openings permitted expansion of the associated lungs, it was judged that they had permitted very little ventilation. The calves presented similar findings. The two calves that survived for 71 and 188 days also had bronchi which had reopened. The bronchi at these reopened sites had apertures which were approximately 3 mm in diameter in each animal. This permitted re-expansion of the associated lung but very little ventilation. cows For comparison, a group of yearling Hereford steers with bilateral pulmonary hypoxia (high altitude) was also examined. Cardiac catheterization and clinical data on these animals have been published previously by Alexander.
9 Two of the animals were maintained at 5,000 feet and had a mean pulmonary arterial pressure of 27 mm Hg. Another group of three were maintained at 10,000 feet for several months and had a mean pulmonary arterial pressure of 45 mm Hg while one other at this high altitude had a mean pressure of 105 mm Hg.
INFANTS (HUMAN)
Two one-month-old human infants with unilateral diaphragmatic defects were examined. In both cases the defective area was covered by a membrane comprised of peritoneum and pleura. In each case the lung on the affected side was atelectatic and the contralateral lung was expanded. Both infants had episodes of cyanosis during life. Poor function of the defective diaphragms was suggested in both cases by reduced movement of the affected side of the chest. Both infants fed poorly and had a subnormal weight gain after birth. A secondary polycythemia with hematocrits of 54 and 56% was evident in both within a few days before death.
In all of the experiments, the pulmonary arteries of both lungs were studied anatomically; in each case the arteries of the better ventilated lung served as controls for those in the poorly ventilated organ. Tissues were fixed in buffered PULMONARY VASCULAR CHANGES WITH HYPOXIA 161 formalin. In each instance, 6 to 10 blocks of pulmonary tissue from each lung were sectioned uniformly at 5 /* and stained with Verhoeff and van Gieson stains. Using a camera lucida and planimeter under conditions of constant magnification, relative cross-sectional areas of lumen, intima, and media of 10 to 20 small muscular arteries and arterioles were determined in each lung. By this same method, relative cross-sectional areas of individual intimal and medial nuclei were also determined in each vessel. With these techniques, all arteries or arterioles in each section cut in cross-section and having a total diameter of less than 100 fi were measured. Sections from well ventilated and poorly ventilated lungs were thoroughly intermixed and examined in a random manner to avoid bias.
No arterial intimal lesions were visible in any of the sections. The relative mean areas of individual intimal nuclei were usually identical in well ventilated and poorly ventilated lungs of the various species ( fig. 1 , tables 1, 5). For arteries of comparable size, the total area of intimal nuclei was almost identical in well ventilated and in poorly ventilated lungs. Therefore, the total area of these nuclei was used as an internal standard or base line to which the area of an artery's media could be referred. The ratio:
area of arterial or arteriolar media total area of intimal nuclei was adopted as a measure of the relative area of medial smooth muscle present in individual arteries. In each case, a mean ratio was determined for the arteries in each lung. It should be recognized, incidentally, that the ratio will not be influenced by stretching of the arteries or by distention of their lumina. This fact was confirmed experimentally by distending the arteries of one lung in each of three normal dogs and two stillborn infants with a gelatin solution which was allowed to harden before making sections. In no case did the above ratio in an injected lung differ by more than 5% from the ratio in the contralateral noninjected lung (P > 0.9).
The relative mean cytoplasmic mass of individual arterial cells in an artery was determined by dividing the vessel's medial cytoplasmic area by the number of medial nuclei present. The artery's medial cytoplasmic area was calculated in each instance by subtracting the combined area of medial nuclei from the total medial area. A mean value was calculated for the arteries of each lung in each case. This value was not influenced by stretching or distention of arteries. In 'ho case did this value in an injected lung differ by more than 4% from the ratio in the contralateral noninjected lung (P>0.9).
An index, reflecting number of medial nuclei present in an artery, was calculated by dividing the number of medial nuclei in a vessel by the number of intimal nuclei. As with other calculations, a mean value was calculated for each lung in each case. Again, this value was not influenced by stretching or distention of arteries. In no case did this value in an injected lung differ by more than 6% from the ratio in the contralateral noninjected lung (P>0.9).
The amount of muscle in the pulmonary veins of dogs and infants was too limited for study by the methods just described. However, all but one of the above methods were used to study small veins in lungs of cows. The ratio:
area arterial media area intimal nuclei was not used because the muscle coat in the pulmonary veins of cows is not uniform but rather has a spiral arrangement. In any individual cross section, the venous muscle coat may appear thick, thin or incomplete. Only cross sections through areas with complete muscle coats were utilized for study. Use of the ratio:
number of medial nuclei number of intimal nuclei was justified only by utilizing every vein that came into view, regardless of the apparent thickness of the medial wall and by measuring a large number of veins (20 to 30) in each lung.
Results
When dogs' lungs were poorly ventilated for longer than three weeks, the pulmonary arterial muscle mass increased ( fig. 2 ). This was true for both atelectatic and inflated lungs. The increased muscle mass was due entirely to a hyperplasia of medial, smooth muscle fibers ( fig. 3) . The cytoplasmic mass of individual fibers was usually decreased somewhat so that no hypertrophy of fibers existed ( fig. 4) . Individual muscle nuclei were about the same size in poorly ventilated and well ventilated lungs ( fig. 5) . No thrombotic or sclerotic lesions were observed in any arteries.
Prolonged hypoventilation led to a questionable increase of pulmonary arterial muscle mass in the calves (table 1) . This increase was not as great as that observed in most dogs and had only marginal statistical significance ( fig. 2, table 1 ). Chronic hypoxia had little effect on the size of medial nuclei in this species but intimal nuclei were sometimes enlarged. Bilateral chronic hypoxia (high altitude) in yearling steers led to a Pulmonary arterial muscle mass was increased in dogs when the lungs were^-poorly ventilated for longer than three weeks. 
Ratio of numbers of medial nuclei to intimal nuclei indicates that increased arterial imiscW mass in poorly ventilated dogs' lungs is due entirely to hyperplasia of medial, smooth muscle cells.
hypertrophy and hyperplasia of muscle fibers which was more marked than that observed with unilateral anoxia (table 2) . Bronchial arteries were probably compressed by the ligatures which passed around the bronchi in most animals but these vessels apparently reopened with time because they were visible and morphologically normal on histologic examination in both dogs and calves.
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Small pulmonary veins in the calves with unilateral hypoxia showed both medial smooth muscle hyperplasia and hypertrophy (table  3) . Steers at high altitude demonstrated only a medial hyperplasia (table 4) . Intimal nuclei enlarged in the animals at high altitude.
In the two infants with unilateral diaphragmatic defects, pulmonary arterial muscle mass was much greater in the poorly ventilated arterial muscle mass. This increase is not secondary to hypertension since, in the subjects chosen, arterial pressures were presumably equal in the poorly and in the well ventilated organs. In each animal or infant, arteries in a well ventilated lung served as controls for arteries in the opposite poorly ventilated lung. The increased muscle mass suggests that the small pulmonary arteries are a site of the increased vascular resistance associated with chronic pulmonary hypoxia. Increased vasomotor activity in the affected arteries may well be the stimulus for the observed medial hypertrophy and hyperplasia. Jameson has postulated that vasoconstriction in precapillary vessels may be correlated with oxygen tension in the surrounding alveoli since it is known that oxygen can diffuse directly and rapidly from alveoli through the walls of adjacent arteries. 10 The present experiments support Jameson's view. In the design of the present experiments, oxygen tension of the pulmonary arterial blood reaching the hypoxic and control lungs was the same, so that vasoconstriction and vascular changes in the hypoxic lungs could not be related to differences in composition of the arterial blood. This increases the likelihood that the oxygen tension of the surrounding alveolar gas was instrumental in inducing the vascular changes.
NAEYE
The current study also demonstrated in calves and older steers that chronic hypoxia leads to medial smooth muscle hyperplasia in pulmonary veins. This suggests that pulmonary veins as well as arteries may be vasoconstrictor sites with hypoxia. This postulate is most reasonable in a species like cattle which have significant musculature in pulmonary veins. There is physiologic evidence that hypoxia elicits pulmonary venoconstriction in this species. 3 In contrast, human beings and dogs have little smooth muscle in their pulmonary veins. Whereas pre-and postcapillary vessels may constrict in cattle, pulmonary arteries may be the main site of vasoconstriction with hypoxia in man.
The current anatomic observations can be correlated with data in a number of physiologic studies. Arterial vasoconstriction can explain why blood is shunted away from a separately ventilated, hypoxic lung in human subjects. 11 Increased precapillary resistance
